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A Statistical and Comparative Analysis of Genetic Diversity 
Detected by Different Molecular Markers * 


152 . 1 ** 
ZHANG De-Quan ` , YANG Yong-Ping 
(1 Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China; 
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China) 


Abstract: This paper presented a statistical and comparative analysis of common parameters of plant genetic diversity by 
using relevant data of 314 wild plant species from 235 published articles . The results indicated that the parameters of genet- 
ic diversity revealed by RAPD and AFLP are comparable, but all parameters of genetic variation detected by ISSR, alloz- 
yme and SSR are incomparable, which are not comparative with those by RAPD and AFLP . The genetic differentiation val- 
ue G, based on Hardy-Weinberg equilibrium is obviously lower than the value ®,, based on AMOVA analysis, which 
showed that these two parameters are incomparable as well . Furthermore, the statistical and comparative results of genetic 
diversity of 179 plant species by RAPD and AFLP indicated that at population level: 1) the genetic diversity of gymnosperm 
is higher than those of both dicotyledon and monocotyledon of angiosperm, but lower genetic differentiation; 2) the genetic 
diversity of tree is higher than those of shrub and herb, but lower genetic differentiation; 3) the clonal plant has higher ge- 
netic diversity than those reproduce sexnally, and 4) the cross- breeding plant has higher genetic diversity than self-breeding 
plant; 5) the widespread plant species has higher genetic diversity than the rare, endangered or endemic species . 


Key words: Genetic diversity; Life history; Dominant molecular markers; Allozyme; SSR 
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Table 1 Comparison of 5 parameters of genetic diversity detected by different molecular markers 


















































AFLP+ SD (N) SSR+ SD (N) 


0.519 = 0.199 (40) — 
0.174+ 0.073 (50) 0.541+ 0.197 (29) 
0.262 + 0.062 (7) = 
0.254 + 0.187 (25) 0.311+ 0.258 (18) 
0.297+0.178 (26) 0.499+ 0.350 (8) 





RAPD+ SD (N) ISSR+ SD (N) 
Parameter Allozyme 
Prop 0.346 0.517+ 0.212 (54) 0.403+ 0.182 (41) 
Hy, 0.113 0.170+ 0.085 (48) 0.123+ 0.076 (47) 
1р = 0.293 0.195 (30) 0.186+ 0. 146 (42) 
Gy 0.228 0.256+ 0.181 (29) 0.408+ 0.206 (37) 
Ф, == 0.342 = 0.208 (45) 0.482+ 0.257 (41) 
Р»: > Нур: 



































































































































































































































> Lop: Shannon > Get 























( Hardy-Weinberg ); Ф;: 















































( AMOVA 













































































Note: Ppop: Average percentage of polymorphic site in population level; 




















: Average percentage of expected heterozygosity in population level; / 














); N: Hamrick and Godt (1989), 



















































































pop : 


Average percentage of Shannon s parameter in population level; G,,: Genetic differentiation (assuming Hardy-Weinberg Equilibrium); Фуу: Genetic dif- 


ferentiation (based on AMOVA analysis); N: Statistic . The data of allozyme is from Hamrick and Godt (1989), others from this study 
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Table 2 Analysis of significant difference of the parameters among different markers-independent 





samples í test (RAPD 














ISSR[] AFLP and SSR) 





















































Parameters of 
































genetic diversity Prop H yop 
df t p df t p 

Statistical 

parameters 

RAPD vs ISSR 101(a) 3.933 0.000 93(a) 2.810 0.006 
RAPD vs AFLP 92(a) -0.029 0.977 96(a) -0.278 0.781 
ISSR vs AFLP 87(a) -3.784 0.000 95(a) -3.381 0.001 
RAPD vs SSR — = — 34(b) -9.594 0.000 
ISSR vs SSR — == — 33(b) -10.906 0.000 
AFLP vs SSR = — — 32(b) -9.627 0.000 





51(b) 2.537 0.014 66(a) -3.047 0.003 85(a) -2.655 0.009 
E — — 53(a) -0.115 0.909 73(a) 0.975 0.333 
— = — 61(a) 2.740 0.008 70(a) 3.267 0.002 
= — — 46(a) -0.986 0.329 — x — 
= = — 54(a) 1.321 0.192 — = = 
— = = 41(a) -0.842 0.405 — == == 

















RAPD[] ISSR[] AFLP [] SSR 4 















































































































































Hamrick (1989) , š N= 


















































































































































10 ( df> 9); 






































































































































‚ а: ; b: ; df: sc Sp 








Note: This analysis includes 4 markers, namely RAPD, ISSR, AFLP and SSR, the result of allozyme is cited from Hamrick (1989) . All sample size ( N) 


are more than 10, namely df= 9 . The significant difference tests of all parameters are two-tailed test, and are tested by homogeneity of variance; 


a: homogeneity, b: heterogeneity; df: degree of freedom; t: t value; 
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3 (Nybom, 2004) 





Table 3 Comparison of genetic diversity among 3 





dominant markers ( Nybom, 2004) 




















RAPD+ SD (N) AFLP+SD(N) ISSR= SD (N) 


p: probability of significance 


ШШППШПП a 3000, 00000, 55К 
п0000000, 0000000010000 
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HU. DOU во О 0 О 1 О 05 0 605 Ц 
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0000010000000 700, RAPD] 
АНРИЦОЦОЦОЦЦЦ (t= -1.424, p= 
0.185), П0000 00 RAPD AFLP [j ПО 
HUUUUUU 

Соте П (197) ПО 0 0 RAPDTII J J Ú UJ 
Quercus petraea | JU UD U. Ú 
ПУШ! BB HBO B PBB ШҮН! А АВАРА А B: HB 
ПП D (Nybom, 2004; baz] , 2001) D Ú Ú 
JUD DD E] U) Hamrick and Godt (1989) ППП 
00000100, 0000 Pell Bel OU 
HOHUUUUODU 400000. 0605 


















































































































































Table 4 Comparison of genetic diversity detected by RAPD and AFLP within same species 






































Parameters 
Н ор 0.22+ 0.12 (60) 0.23+0.08(13) 0. 22+0.08(4) 
Gy 0.27: 0.21 (46) 0.21+0.14(12) 0.3440. 29(6) 
o. 0.34+ 0.24( 116) 0.35+0.18(21) 0.3540. 25(9) 
4 RAPD AFLP 
Species Markers H, 
T AFLP 0.320 
izotia villosa RAPD 0.230 
GE " AFLP 0.370 
ЈА tt 
izotia zavattarii RAPD 0.280 
AFLP 0.244 
Camellia nitid issima 
RAPD 0.270 
AFLP 0.369 
Prinus oocarpa 
RAPD 0.403 






























































Hy Gy Reference 
0.240 0.190 ET Ж: 
t 

0.190 0.150 Sila ИУ 
0.170 0.410 

Geleta[] (2007) 
0.140 0.400 
0.129 = : une 
0.107 - ang LT- +62006) 
0.342 0.073 

Daz[] (2001) 
0.358 0.112 
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( RAPD[] AFLP ) 








Table 5 The genetic diversity and differentiation of different species (based оп КАРО and AFLP) 
















































































































































































Parameters Prop 80 (N) Нур = SD (N) L Í = SD (N) 
0.546+0.171 (24) 0.198+ 0.080 (24) 0.416+0.190 (9) 
0.505+ 0.213 (66) 0.164+0.076 (75) 0.251: 0.147 (36) 
0.492 0.227 (19) 0.1642 0.078 (19) 0.257 0.117 (8) 
0.5132 0.223 (44) 0.1622: 0.084 (48) 0.238: 0.104 (16) 
0.4604 0.209 (15) 0.165 0. 065 (14) 0.2032 0.077 (8) 
0.5182: 0.200 (54) 0.179+ 0.073 (59) 0.317: 0.185 (31) 
0.5662 0.217 (15) 0.1672: 0. 096 (16) — 

0. 346+ 0.234 (10) 0.086= 0. 059 (8) 0.1312: 0.089 (6) 
0.445 0.242 (8) 0. 142+ 0.088 (10) 0.137: 0.029 (5) 
0.5112: 0.208 (85) 0.1782: 0.074 (90) 0.3012 0.164 (46) 
0.490: 0.210 (50) 0.1612: 0.063 (54) 0.262: 0.133 (34) 
0.537: 0.206 (34) 0.201 0.082 (35) 0.4102 0.208 (11) 
0.442 0.200 (50) 0. 157+ 0.076 (49) 0.2492 0.165 (30) 
0.5662 0.201 (61) 0.1812: 0.077 (70) 0.320: 0.148 (23) 
<5 














































































































































































































(SD: standard deviation, N: sample size) 


(SD: ‚ М: 


G,,+ SD (N) 


0.198+ 0.126 (13) 
0.2493: 0.176 (43) 
0.3112: 0.199 (11) 


0.298: 0.174 (26) 
0.2974 0.257 (8) 
0.219+ 0.164 (36) 


0.240+ 0.180 (10) 
0.481+ 0.135 (5) 
0.230+ 0.174 (53) 
0.264+ 0.174 (30) 
0.183+0.170 (22) 


0.259€ 0.170 (32) 
0.237 = 0.180 (34) 


















































Ф, + SD (N) 


0.176+ 0.128 (13) 
0.332 + 0.207 (75) 
0.339 + 0.214 (17) 


0.378 + 0.203 (49) 
0.315 x 0.221 (20) 
0.248 + 0.186 (37) 


0.244 + 0.120 (13) 
0.483 + 0.183 (11) 
0.364 + 0.229 (10) 
0.323 + 0.218 (72) 
0.314 + 0.207 (55) 
0.331 = 0.260 (18) 


0.318 = 0.191 (45) 
0.320 = 0.221 (59) 


) 


Note: The parameters of statistical samples less than 5 are not listed, all statistical parameters are arithmetic average of all statistical samples 
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Table 6 Significant difference of parameters between the widespread 


and endangered (narrow) species-independent samples f test 























































































































































































































t T p 
Parameters of independent Freedom T value Probability of 

samples t test df significant 
difference 

(Р) 99 3.279 0.001 

(Н) 108 1.646 0.103 

Shannon (Гр) 42 1.418 0.164 

(ба) 59 -0.877 0.384 

АМОМА (Ф,) 91 -0.588 0.558 



























































































































































Note: АП analysis of significant difference are analyzed by homogeneity 


of variance 
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Table 7 Comparison of genetic diversity and differentiation between endangered species and their widespread relatives 






































































































































































































































Species Distribution type Marker Н, 
Adeophora lobophylla 0.211 
A. botaninii 0.244 
Ophiopogon xylorrhizus 0.116 
O. intermedius 0.426 
Scabiosa canescens — 
S. columbaria — 
Tetraena mongolica = 
Zygohpyllon xanthoxylon — 
Gymna denia odoratissima SSR — 
G. conopsea SSR — 
Helianthus verticillatus SSR 0.480 
Н. ang ustifolius SSR 0.350 
Pinus squamata RAPD 0.019 
P. contorta RAPD 0.460 
Camellia changii RAPD 0. 144 
C. rosthorniana RAPD 0.217 
Cunninghamia konishii AFLP 

C. lanceolata AFLP 






















































































































































































А б Reference 
0.210 0.071 Ge (1999) 
0.234 0.155 Ge (1999) 
0.091 = Не (2000) 
0.352 = He (2000) 
0.04- 0.39 0.164 Patrik and Stefan ( 1998 ) 
0.18- 0.45 0.123 Patrik and Stefan ( 1998 ) 
0.245 0.051 (2000) 
0.392 0.020 (2000) 
0.3- 0.7 0.190 Gustafsson and Sf@ren-Gulve (2002) 
0.6- 0.8 0.060 Gustafsson and Sf@ren-Gulve (2002) 
— 0.118 Ellis (2006) 
= 0.207 Ellis (2006) 
— 0.011 Zhang (2005) 
— 0.061 Thomas (1999) 
— = (2005) 
— — (2005) 
0.184 0.246 Chung (2004) 
0.286 0.122 Chung (2004) 
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